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(57) Anln^Gai.^ASySb^.y(0<x^ VO^y^ 1)thin 
film of an electron concentration of 2 X 1 Qi^/cmS or more 
is formed on a dielectric substrate. Temperature de- 
pendence of resistance is controlled by composition set- 



ting or donor atom doping of the thin film to reduce the 
temperature dependence. As a result, a magnetic sen- 
sor of small temperature dependence of device resist- 
ance and high sensitivity can be provided. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a semiconcluctor thin film magnetic sensor and production method thereof. 
DESCRIPTION OF BACKGROUND ART 

[0002] Magnetic sensors, such as a magnetic resistance device or a Hall device, using a compound semiconductor 
thin film with a high electron mobility, such as InSb, are capable of detecting a static magnetic field, and are capable 
of detecting a rotational angle or speed even at a high or low rotational speed. Therefore, such sensors are widely 
used as magnetic sensors for small-sized DC motors. 

[0003] However, InSb has a problem that It is difficult to meet the strict requirements of the recently expanding ap- 
plications of magnetic sensors. For example, a magnetic sensor using InSb has a high sensitivity and exhibits very 
good characteristics in the vicinity of room temperature. However, since resistance of a magnetic -sensing part greatly 
depends on temperature, at low temperatures of below -40"C, a magnetic sensor using InSb becomes liable to pick 
up electrical noises due to considerable increase in resistance of the device. Further, at high temperatures exceeding 
120*C. increases In drive current because of a large decrease in device resistance results in driving difficulty. That is. 
InSb has a maximum temperature variation rate of resistance of -2%/**C, thus having a high temperature dependence. 
The temperature variation rate of resistance is determined by the following equation: 
[0004] Temperature variation rate pp (%/*»C) = (1/R)dR/dT X 100. 

[0005] In the present invention, a small temperature variation of resistance generally means a small value of the 
temperature variation rate Pp, (%/''C). 

[0006] Recently, magnetic sensors are widely used as non-contact sensors, and the application fields of such sensors 
is expanding. In such the recently expanding application field of magnetic sensors, as compared with prior art appli- 
cations, requirements are increasing for using magnetic sensors as non-contact sensors even under conditions of 
lower temperatures or higher temperatures. In general, the temperature range at which the magnetic sensor is driven 
tends to be expanding. In the application of small-sized motors used in the conventional VTR or personal computers, 
the magnetic sensor has been sufficient if it is usable in a temperature range in the vicinity of room temperature, for 
example, in the range of about -20 to 80'C (drive temperature range of substantially 1 00*C). However, in a non-contact 
magnetic sensor for an automobile or an industrial non-contact magnetic sensor which is expected to be expanding in 
demand, use in the temperature range of -50*C to 150*C (drive temperature range of substantially 200*C) is actually 
required. 

[0007] Because InSb has a high temperature dependence with a temperature variation rate that is negative, an InSb 
sensor has a high resistance at a low temperature, and a low resistance at a high temperature. If the temperature 
changes from -SO^C to -h150*C, resistance at -50**C is 28 to 30 times (54 times when the temperature variation rate 
of resistance is -2%) as high as resistance at +150'C. As a result, variation of self resistance in effect becomes a 
variation of input resistance of the magnetic sensor, and as a result, at high temperatures, a breakdown or the like due 
to eddy current is generated, a higher drive input current becomes required, and in a small-sized integrated drive circuit, 
stable drive of the device becomes difficult. That is, a complex, expensive drive circuit is required. 
[0008] Further at low temperatures, device resistance becomes very high, which results in a strong influence of stray 
magnetic noise or causes misoperation due to noise. As a result, the magnetic sensor is usable only in very limited 
cases, and its merit as a non-contact sensor has not been sufficiently utilized. 

[0009] When such a magnetic sensor a power supply tor driving the magnetic sensor, and a control circuit of the 
magnetic sensor for amplifying the magnetic field detection output are attempted to be realized in a small size, at a 
low cost, and with high perfonmance. such a temperature dependence of resistance due to the material is a great 
problem. For example, a maximum ratio of resistance at -50*C and resistance at 150*C must be within 15 times in 
absolute value. 

[0010] The present invention has been made for solving the above-described problems of the prior art magnetic 
sensors, and an object of the present invention is to provide a magnetic sensor that Is capable of operating with a 
simple drive circuit with a high sensitivity, a small temperature dependence, and in a wide temperature range. A further 
object of the present invention is to provide a magnetic sensor that is capable of being driven in the range of -50*C to 
150*0 with high reliability and capable of being driven by a small-sized, low-cost control circuit. More specifically, an 
object of the present invention is to provide a high sensitivity, high reliability magnetic sensor that is small in<:hange 
of input resistance of the magnetic sensor between a low temperature (for example, -50**C which is a required lower 
limit temperature) and a high temperature (for example, 150*C which is a required higher limit temperature). 
[0011] Further, in driving the magnetic sensor in a wide temperature range from low to high temperatures, a large 
themnal stress is exerted through a package of the magnetic sensor, and a passivation technology for protecting the 
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magnetic sensing part from a new thermal stress is necessary, and meeting such a requirement is also an object of 
the present invention. 

SUMMARY OF THE INVENTION 

5 ■ 

[0012] The invenlors have investigated composition, thin film formation, doping and the like of a compound semi- 
conductor thin film having a high electron mobility which is capable of producing a high sensitivity magnetic sensor 
and also investigated matching with a control circuit. In particular, as a result of investigating temperature dependence 
of device resistance or device resistance change at low and high temperatures, a thin film with a high electron mobility 
10 capable of suppressing temperature variation of input resistance of the magnetic sensor to a small value and a pro- 
duction method thereof have been found. As a result, the inventors have found a magnetic sensor with a small tem- 
perature variation of resistance. 

[0013] Further, In driving the magnetic sensor in a wide temperature range from low to high temperatures, a large 
themial stress is exerted through a package of the magnetic sensor. However, by forming on the magnetic sensing 
^5 part an intermediate layer of a dielectric IK-V group compound semiconductor having the same properties as lll-V 
group compound semiconductor constituting the magnetic sensing part, a passivation technology for protecting the 
magnetic sensing part from themial stress is exerted directly from the inorganic passivation layer (protective layer). 
As a result, a magnetic sensor structure capable of driving in a wide temperature range and with a high reliability has 
been found. 

20 [001 4] Further, it has been found that when temperature variation of input resistance of the magnetic-sensor Is within 
a predetermined range, the sensor can be driven by a small-sized control circuit In a wide temperature range. 
[0015] Still further, a small-sized digital output magnetic sensor apparatus and a production method thereof have 
been found, which magnetic sensor apparatus combines a high sensitivity magnetic sensor as a magnetic sensing 
part using a compound semiconductor thin film providing a high mobility satisfying such requirement, with a small- 

25 sized control circuit for such a magnetic sensor, which is capable of outputting an output proportional to magnetic field 
detection signal and a plurality of signals corresponding to detection or non-detection of magnetic field. 
[0016] That is, a magnetic sensor according to the teachings of the present invention comprises a magnetic sensor 
having an In^Ga^.^ASySb^.y (0<xg1,0^y^1) thin film layer formed on a substrate as an operation layer of the 
magnetic sensing part, characterized in that the thin film layer contains at least one type of donor atom selected from 

30 the group consisting of Si, Te, S, Sn, Ge and Se. 

[0017] The magnetic sensor according to a second of the present invention is characterized In that In the magnetic 
sensor described above, at least part of the donor atom is positively Ionized for supplying conduction electrons Into 
the operation layer of the magnetic sensing part. Here, more specifically, the donor atom, at least part thereof, is 
positively ionized by substituting any one atom of InGaAsSb at a lattice point of crystal. 

35 [001 8] The magnetic sensor according to third aspect of the present invention is characterized in that in the magnetic 
sensor of described above, the thin film layer has an electron concentration of 2.1 X 1 C^/cmS or more, and an electron 
mobility \x (cm^/V.s) and the electron concentration n (1/cm"3) of the thin film layer have a relation of 

40 Log.,o(n) + 4,5X 10"^ X ^ § 17.3 

[0019] Here, the electron mobility is more preferably greater than 6000 cm2A/.s. By setting the electron mobility ^ 
and the electron concentration n In such ranges, a high sensitivity, small temperature dependence magnetic sensor 
can be produced When a magnetic sensor of even higher sensitivity is to be produced, the electron mobility is preferably 

^5 greater than 10000 cm^A/.s. 

[0020] The magnetic sensor according to a fourth aspect of the present invention Is characterized in that in the 
magnetic sensor described above, the thin film layer has an electron mobility of 6000 cm^A/.s or more. 
[0021 ] The magnetic sensor according to a fifth aspect of the present invention is characterized in that in the magnetic 
sensor of the above-described first and second aspects, the thin film layer has an electron concentration of 2.1 X 10^^/ 

50 cm3 or more, and an electron mobility \i (cmSA/.s) and the electron concentration n (l/cm-3) of the thin film layer have 
a relation of: 

Log^o (n) + 4.5 X 10'^ X g 18.0. 

55 

[0022] The magnetic sensor according to a sixth aspect of the present invention is characterized in that in the mag- 
netic sensor of the fifth aspect described above, the thin film layer has an electron mobility of 1 0.000 cm^A/.s or more. 
[0023] Here, for achieving high sensitivity and small temperature dependence magnetic sensor operation, the elec- 
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tron mobility \i is preferably greater than 15,000 cm^A/.s, and even more preferably greater than 20,000 cm2A^.s. 
[0024] The magnetic sensor according to a seventh aspect of the present Invention is characterized in that in the 
magnetic sensor of the above-described a sixth aspect, the thin film layer is an InASySb^.y (0 ^ y g 1) thin film layer. 
[0025] The magnetic sensor according to an eighth aspect of the present invention is characterized in thai In the 
magnetic sensor of the above-described aspects, the thin film layer is an InSb thin film layer 
[0026] The magnetic sensor according to a ninth aspect of the present invention is characterized in that in the mag- 
netic sensor of any one of the above«described aspects, the surface of the substrate comprises a dielectric lll-V group 
compound semiconductor. 

[0027] The magnetic sensor according to a tenth aspect of the present invention is characterized In that in the mag- 
netic sensor of any one of the above-described aspects, the substrate comprises a dielectric GaAs single crystal. 
[0028] The magnetic sensor according to an eleventh aspect of the present invention is characterized in that in the 
magnetic sensor of any one of the above-described aspects, the thickness of the operation layer is 6 microns or less. 
[0029] The magnetic sensor according to a twelfth aspect of the present invention is characterized in that in the 
magnetic sensor of any one of the above-described first to tenth aspects, the thicl^ness of the operation layer is 0.7 to 
1 .2 microns. 

[0030] The magnetic sensor according to a thirteenth aspect of the present invention is characterized in that in the 
magnetic sensor of any one of the above-described first to tenth aspects, the thickness of the operation layer is 1,2 
microns or less. 

[0031] The magnetic sensor according to a fourteenth aspect of the present invention is characterized in that in the 
magnetic sensor of any one of the above-described first to thirteenth aspects, the magnetic sensor is a Hall devce. In 
this Hall device, a preferable thickness of the operation layer is 1 .2 microns or less, or 0.5 microns or less, when a Hall 
device of even higher input resistance and reduced power consumption is produced, and 0.1 microns or less, or even 
more preferably 0.06 microns or less. 

[0032] The magnetic sensor according to a fifteenth aspect of the present invention Is characterized in that in the 
magnetic sensor of any one of the above-described first to thirteenth aspects, the magnetic sensor is a magnetk: 
resistance device. In the such a magnetic resistance device, a preferable thickness of the operation layer is 1 .2 microns 
or less, or 0.5 microns or less, when a device of even higher input resistance and reduced power consumption is 
produced, and even more preferably 0.2 microns or less. 

[0033] Further, sixteenth aspect of the present Invention discloses a semiconductor magnetic resistance apparatus, 
the apparatus comprises four device parts comprising semiconductor thin films for generating a magnetic resistance 
effect, a wiring part, and a bonding electrode on a flat substrate surface, the four magnetic resistance effect generating 
device parts are connected in a bridge structure, and of the four device parts, two devices at opposite sides of the 
bridge structure are disposed so as to be applied perpendicularly with magnetic fields of the same strength. The device 
parts and the bonding electrode are connected by the wiring part. 

[0034] The semiconductor magnetic resistance apparatus according to a seventeenth aspect of the present invention 
is characterized in that in the apparatus of the above-described sixteenth aspect, the wiring part does not cross. 
[0035] The semiconductor magnetic resistance apparatus according to an eighteenth aspect of the present invention 
is characterized in that in the apparatus of the above-described sixteenth or seventeenth aspects, resistances of the 
wiring parts from the connection point connecting the four device parts to the bonding electrodes are equal to each other, 
[0036] Further, a nineteenth aspect of the present invention discloses a magnetic sensor apparatus, with the magnetic 
sensor apparatus packaging a magnetic sensor, an amplifier circuit for amplifying an output of the magnetic sensor, a 
magnetic circuit having a power supply circuit for driving the magnetic sensor, the apparatus being characterized in 
that the magnetic sensor is a magnetic sensor as described in any one of the above-described first to eighteenth 
aspects of the invention. 

[0037] The magnetic sensor apparatus of a twentieth aspect of the present invention is characterized in that in the 
magnetic sensor apparatus of the above-described nineteenth aspect, input resistance of the magnetic sensor at -50*C 
Is set to within 15 times the input resistance at 150*C. 

[0038] The magnetic sensor apparatus of a twenty first aspect of the present Invention is characterized in that in the 
magnetic sensor apparatus of above-described nineteenth or twentieth aspects, the output after being amplified by 
the amplifier circuit is proportional to the output of the magnetic sensor. 

[0039] The magnetic sensor apparatus of a twenty second aspect of the present invention is characterized in that in 
the magnetic sensor apparatus of the above-described nineteenth or twentieth aspects, the output after being amplified 
by the amplifier is a digital signal output corresponding to the detection and/or non-detection of a magnetic field by the 
magnetic sensor. 

[0040] Further, a twenty third aspect of the present invention discloses a production method of the magnetic sensor., 
the production method is characterized by comprising a process for forming an In^Ga^.^ASySb^.y (0 < x s 1 , y s 
1) thin film having an electron concentration of 2 X IQie/cm^ or more on a substrate, a process for forming the thin film 
into a desired pattern, a process for fonning a plurality of thin metal thin films on the thin film, and a process for 
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connecting a plurality of external connection electrodes to an end of the thin film. 

[0041] The production method of a twenty fourth aspect of the present invention is characterized in that In the pro- 
duction method o1 nnagnetic sensor of the above-described twenty third aspect, the process tor forming the 
ln^Ga^.xASySbi.y (0<x^1,ogy^l) thin film further comprises a process for containing at least one type of donor 
atom selected from the group consisting of SI, Te, S, Sn, Ge and Se in the thin film. 

[0042] Further, a twenty fifth aspect of the present invention discloses a production method of the magnetic sensor, 
the production method is characterized by comprising a process for packaging a circuit for amplifying a magnetic field 
detection signal of the magnetic sensor and a control circuit having a power supply circuit for driving the magnetic 
sensor, wherein the magnetic sensor is a magnetic sensor as described in any one of the above-described first to 
eighteenth aspects of the invention, and the magnetic sensor is produced by the production method as described in 
the above-described twenty third and twenty fourth aspects. 

[0043] Further, a twenty sixth aspect of the present invention discloses a magnetic sensor of another construction, 
the magnetic sensor is characterized as comprising a substrate, an operation layer including an In^Ga^.^^ASySb^.y <0< 
X ^ 1, 0 ^ y ^ 1) thin film layer formed on the substrate, a dielectric or high resistance semiconductor intermediate 
layer formed on the operation layer, and a dielectric inorganic protective layer {that is, a passivation layer), stacked in 
the above order. 

[0044] The magnetic sensor of a twenty seventh aspect of the present invention is characterized in that in the mag- 
netic sensor of the above-described twenty sixth aspect, the intermediate layer contacts the operation layer and has 
a lattice constant approximate to the lattice constant of the operation layer. 

[0045] The magnetic sensor of a twenty eighth aspect of the present.inventlon is characterized in that in the magnetic 
sensor of the above-described twenty seventh aspect, the intemiediate layer has a composition containing at least 
one element elected from the elements constituting the ln^Gai.„ASySbi.y (0<xg1,0^y^ 1) thin film. 
[0046] The magnetic sensor of a twenty ninth aspect of the present invention is characterized in that in the magnetic 
sensor of the above-described twenty seventh aspect, the operation layer has a barrier layer on the In^Ga. .As^Sb. 
2S (0<xg 1,0^y^ 1)thinfilm. ^ 

[0047] The magnetic sensor of a thirtieth aspect of the present invention is characterized in that in the magnetic 
sensor of the above-described twenty ninth aspect, the intemiediate layer has a composition containing at least one 
elements selected from the elements constituting the barrier layer. 

[0048] The magnetic sensor of a thirty first aspect of the present Invention Is characterized In that in the magnetic 
sensor of any one of the above-described twenty seventh to thirtieth aspectS: the In^Ga^./iSySb^.y (0 < x ^ 1 , o ^ y 
^ 1 ) thin film contains at least one type of donor atom selected from the group consisting of Si, Te, S, Sn, Ge and Se. 
[0049] The magnetic sensor of a thirty second aspect of the present invention is characterized in that in the magnetic 
sensor of the above-described thirty first aspect, at least part of the donor atom is positively Ionized for supplying 
conduction electron into the operation layer. Here, more specifically it Is characterized in that the donor atom, at least 
pan thereof, is positively Ionized by substituting any one atom of InGaAsSb at a lanice point of the crystal. 
[0050] The magnetic sensor of a thirty third aspect of the present invention is characterized in that in the magnetic 
sensor of any one of the above-described twenty seventh to thirty first aspects, the intermediate layer contains at least 
one type of donor atom selected from the group consisting of Si, Te, S, Sn, Ge and Se. 

[0051] The magnetic sensor of a thirty fourth aspect of the present invention is characterized in that in the magnetic 
sensor of any one of the above-described twenty seventh to thirty third aspects, the InxGa^.^ASySb^.y (0 < x ^ 1 , o s 
y ^ 1 ) thin film has a resistance of the thin film at -50*»C within 1 5 times the resistance at 150*C. 
[0052] Further, a thirty fifth aspect of the present invention discloses a magnetic sensor apparatus of another con- 
struction, the apparatus integrally packages a magnetic sensor, a circuit for amplifying an output of the magnetic sensor, 
s control circuit having a power supply circuit for driving the nnagnetic sensor, characterized In that the magnetic sensor 
Is a thin film magnetic sensor as described in any one of the above-described twenty seventh to thirty fourth aspects 
of the invention. 

[0053] Further, a thirty sixth aspect of the present invention discloses a production method of a magnetic sensor of 
another construction, the production method is characterized by comprising a process for forming an In^Ga^.^ASySb^. 
(0<xgvo^y<1) thin film on a flat surface substrate, a process for forming an intermediate layer of a compound 
semiconductor of approximate physical properties to the thin film on the thin film, a process for forming the thin film 
and the intermediate layer into a desired pattern, a process for forming a thin metal film of a desired shape on the 
formed pattern, a process for forming a dielectric inorganic protective layer on the pattern and the metal thin film, a 
process for forming a plurality of electrodes for external connection, and a process for connecting the electrodes to an 
end of the In^Ga^.^ASySb^.y (0<x^1.0^ys 1) thin film. 

[0054] Further, a thirty seventh aspect of the present Invention discloses a production method of a magnetic sensor 
of yet further construction, the production method is characterized by comprising a process for forming an 
'nxGai.xASySb,.y (0 < x ^ i, o ^ y £ 1) thin film on a flat surface substrate, a process for forming a barrier layer, a 
process for fomiing an intermediate layer of a compound semiconductor of approximate physical properties to the 



30 



35 



40 



45 



SO 



55 



5 



ID: <eF 1124271A1_L> 



10 



EP 1 124 271 A1 

barrier layer on the barrier layer, a process for forming the thin film, the barrier layer and the intemiediate layer Into a 
desired pattern, a process for forming a thin metal film of a desired shape on the formed pattern, a process for forming 
a dielectric inorganic protective layer on the pattern and the metal thin film, a process tor fomriing a plurality of electrodes 
for external connection, and a process for connecting the electrodes to an end of the lnjj*GavxASySb^,y <0 < x § 1 , o 
^ y s 1) thin film, 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0055] 



Fig. 1 is a graph showing a temperature dependence of resistance of an InSb thin film; 
Fig. 2A is a plane diagram of a Hall device according to the present invention; 
Fig. 2B is a sectional diagram of the Hall device; 

Fig. 3 is a sectional diagram schematically showing a state in which the Hall device of the present invention is 
IS connected with a lead and resin packaged; 

Fig. 4 is a diagram schematically showing a configuration of a Ihree-temrjinal magnetic resistance device according 
to the present invention; 

Fig. 5A Is a plane diagram showing a configuration of a magnetic resistance device according to the present 
invention; 

20 Fig. 5B is a sectional diagram of the magnetic resistance device shown in Fig. 5A; 

Figs. 6A to 6C are sectional diagrams showing a thin film stack structure in a magnetic sensing part of a magnetic 
sensor according to the present invention; 

Figs. 7 A to 7C are sectional diagrams showing a thin film stack structure in the magnetic sensing part of a magnetic 
sensor according to the present Invention; 
2^ Fig. 8 is a circuit diagram of a magnetic sensor packaged with a silicon integrated circuit chip; 

Fig. 9A is a plane diagram of a Hall devtee formed in Embodiment 10 of the present invention; 
Fig. 9B is a sectional diagram of the Hall devk;e shown in Fig. 9A; 

Fig. 1 0A is a sectional diagram of a two-terminal magnetic resistance device fomned in Embodiment 18 of the 
present invention; 

30 Fig. 1 0B is a plane diagram of the magnetic resistance device shown in Fig. 10A. 

BEST MODE FOR PRACTICING THE INVENTION 

[0056] There is a great Interrelationship between electron concentration of an InGaAsSb thin film and temperature 
55 dependence of resistance. In particular when the electron concentration is greater than 2.1 X 10"'®/cm3, temperature 
change of resistance becomes small, and temperature drift of offset voltage of a resulting magnetic sensor is decreased 
and noise is reduced. 

[0057] A magnetic sensor according to the present invention is formed by epitaxially growing an In^Ga^.^ASySb^.y 
(0<x^1,0^y^1) thin film having an electron concentration of 2.1 X lOiS/cm^ or more as an operation layer of 
^0 the magnetic sensing part. In the following, in the present specification, for simplicity of description, In^Ga^. ^ASySb^.y 
(0<x£1,0^ysi)is abbreviated as InGaAsSb as necessary. The contents of all compositions are defined by the 
above x, y. 

[0058] In the present invention, the electron concentration of the thin film is required to be 2.1 X iC^/cm^ or more. 
However, it is preferable that the concentration by 5 X ^0^^/cm^ or more, more preferably 6 X lO^^/cmS or more, and 

45 2.1 X 1016 to 5 X 10ifi/cm3 is particularly preferable. 

[0059] A method for increasing the electron concentration of the InGaAsSb thin film comprises containing a small 
quantity of a donor atom, such as Si, Te, S, Sn, and Se, in the InGaAsSb layer. Since, by such doping with the donor 
atom, reduction of resistance of the InGaAsSb layer at high temperatures can be decreased, a resulting magnetic 
sensor can be prevented from a large current flow at high temperatures. Further, another method for increasing the 

50 electron concentration of the In^Ga^.^ASySb^y thin film (0<xg1,0gy^1)is appropriately setting the composition 
of the thin film, that is, appropriately setting the values of x and y within the ranges ofO<xsi,o^ysi. 
[0060] When the electron concentration can be set to a specific level, change of resistance as a function of temper- 
ature can be suppressed to a small value, and the load of the control circuit of the magnetic sensor including a circuit 
for amplifying the output of the magnetic sensor, a power supply circuit for driving the magnetic sensor and the like 

55 can be decreased. Further, production of the control circuit becomes possible, in which the circuit itself Is not compli- 
cated, drive power and current at high temperatures are reduced, and the device can be driven in a wide temperature 
range. As a result, the device drive circuit is simplified and small in size. Therefore, the magnetic sensor of the present 
invention and the control circuit as a small-sized Si integrated circuit are contained in an integral package, and a high 
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sensitivity, high reliability, small-sized thin film magnetic sensor can be achieved. 

[0061] Since a doped magnetic sensor as described can be prevented from abrupt decreasing the resistance of the 
magnetic sensor in a high temperature region, it stably operates even in a high temperature region of over 100*C, 
without any abrupt increase in resistance (input resistance) in low temperature region of below -20*C , and stably 
operates even in low temperature region of below -20'C. The circuit for amplifying the sensor output Is prevented from 
being.complicated, and production of a low-cost magnetic sensor is possible, which stably operates over a wide tem- 
perature range. The effect of such doping is an effect common to embodiments of the present invention. However, it 
is not limited to the embodiments shown In the present invention. 

[0062] The donor atom for doping is not specifically limited if it is a donor element. However, Si, Te, S, Sn, Se, Ge 
and the like are typical donor atoms. By controlling the amount of the donor atom for doping, the electron concentration 
in the InGaAsSb thin film can be set to an appropriate value. 

[0063] Doping effect to InSb will be described with reference to Fig. 1 . Fig. 1 shows a case of an InSb thin film which 
is undoped with impurity and has an electron concentration of 1.7 X 10i6/cm3 (I), a case where SI Is doped to an 
electron concentration of 6.6 X 1 CS/cm^ (II), and a case where Si is doped to an electron concentration of 1 6.0 X 1 C^/ 
cm3 (III) were measured for changes in resistance in the temperature range from -50*C to 150*C. The results are 
shown In Table 1 and Fig. 1 As can be seen from Fig 1 , by doping the InSb thin film with Si, temperature dependence 
of resistance is decreased. That is, in the case of (I) where undoped electron concentration is 1 .7 X 1 Q^^/crrfi, resistance 
at -50*C is 31 times the resistance at 150'C, therefore use in a low temperature region Is difficult. However, In the case 
of (II). where the doped electron concentration is 5 X IQie/cm^ or more, a nearly flat line is shown. In the<jase of (III), 
where the electron concentration is 8 X an even flatter line than in the case of (II), where the electron con- 

centration is lower than (HI), is shown. It is most preferable that the graph of resistance against temperature change 
is horizontal. However, when resistance at -50*C is higher than resistance at 160*C, it is preferably within 16 times, 
more preferably within 8 times. Further, when resistance at 150*C is higher than resistance at -SO^C, the resistance 
at 1 50X is preferably within 3 times, more preferably within 2 times. 



Table 1 



Temperature (^'C) 


Resistance (O) 


(1) SI undoped 


(11) Si doped 


(ill) Si doped 


-50 


2112 (31 times*) 


21 0(2.7 times*) 


111.9(1.3 times*) 


0 




204 


112.6 


0.6 


573 






■ 24.6 


352 






27 




187 


112.3 


50 


225 


166 


110.0 


100 


113 


115 


100.0 


150 


68 


79 


84.2 



* Figuies in parentheses ( ) indicate number of times of the resistance at -50»C to the resistance at 150»C. 



[0064] Thickness of the In^Ga^.^ASySb^.y (0<x^1,0^y^i) thin film, which Is the operation layer of a magnetic 
sensor of the present invention, is in general preferably 6 microns or less, more preferably 2 microns or less, in some 
cases further preferably 1 micron or less. Further in the case of a magnetic sensor of high magnetic field sensitivity 
and small temperature dependence of resistance, a sensor of superior characteristics can be produced with 0.7 to 1 .2 
microns, which is preferable. In the case of a magnetic sensor requiring a high input resistance, the thin film as the 
magnetic sensing part is preferably even thinner, which is in some cases is produced with a thickness of 0.1 microns 

5P or less. As described above, when the thickness of the magnetic sensing part thin film is 1 micron or less, it Is preferable 
that a buffer layer (barrier layer) which Is a semiconductor insulation layer or a high resistance layer having a lattice 
constant approximate to the lattice constant of jnGaAsSb, for example, a buffer layer of a difference in lattice constant 
of within 2% is fonned between the thin film and the substrate or on the surface of the thin film. 
[0065] In the present invention, when the buffer layer is formed so that it contacts with the InGaAsSb thin film, which 

53 is the operation layer of the magnetic sensor, to adjust the electron concentration of the operation layer in the vicinity 
of the interface with the operation layer, the buffer layer instead of the operation layer may be doped with the donor 
atom. The buffer.layer has a role as a layer for confining electrons in the operation layer (InGaAsSb thin film). When 
the operation layer is a very thin film as 500A or less, buffer layers may be formed on the upper and lower sides, in 
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•such a case, because the buffer layer serves to confine electrons In the operation layer, and thus the operation layer 
becomes a quantum well. Alternatively, the operation layer of a quantum well may be doped with the donor atom. 
[0066] As the substrate of the present invention, in general, insulating or semi-insulating semiconductors such as 
GaAs and InP are used. In the present Invention, the surface of the substrate may be provided with a further Insulating 
or semi- insulating surface or a high sheet resistance surface layer. In this case, In addition to the above insulating 
substrate materials, Si single crystal substrate, ferrite substrate, ceramic substrate and the like can be preferably em- 
ployed. The surface orientation of crystal may be any of (100), (111) or the like, and is not specifically limited. Further, 
the surface may be declined by an angle of Oto 1 0** to the surface orientation. In addition, flat surface alumina substrate, 
sapphire substrate, single crystal lerrite substrate having a thin insulation layer on the surface, and the like can also 
be employed. A finer crystalline fen-ite substrate, although being polycrystalline, which is produced by way of high- 
temperature, isotropic hot press, that is, so-called HIP, can be used as a preferable insulating substrate in the present 
invention, if a heat-resistant Insulating layer is fomied on the surface. 

[0067] In the past, when the InSb or In^Ga^.j^ASySb^.y (0<x^i,osys i) thin film or the like is to be used as a 
thin film of the magnetic sensing part of a magnetic sensor, that is, as the operation layer of a magnetic sensor, since 
the protective films such as Si3N4, SiOg, or the like formed thereon, a so-called passivation thin film and the InSb thin 
film, Inj^Ga^.jjASySb^.y (0<xg1,0<y<1) thin film and the like are large in difference of lattice constant, a reduction 
of electron mobility of 20 to 30% may sometimes be generated due to an interaction at the crystal boundary, whteh 
results In a reduced sensitivity of the magnetic sensor. However, since InSb is high in electron mobility and is a good 
magnetic sensor material, even where there is a large difference of crystal lattice, the magnetic sensor Is actually 
produced using InSb. In particular, since, in consideration of reliability, it is preferable to form a passivation thin film, 
such a reduction of device characteristic is generated. When the thickness of the magnetic sensing part thin film is 
decreased to reduce power consumption of the magnetic serisor and enhance the sensitivity, the characteristtes are 
largely degraded. Therefore, it has been an Important problem to sufficiently utilize the characteristics of the InSb or 
In^Ga^.^ASySb^.^ (0<x^1,0^y^1) thin film and produce a high sensitivity magnetic sensor. 
[0068] To solve the prior art problem, in the present invention, as a preferable aspect, at least one layer of intermediate 
layer is formed so that it contacts directly with an InGaAsSb thin film constituting the magnetic sensing part of the 
magnetic sensor. The intennediate layer is an insulating layer or a high resistance layer comprising a tll-V group com- 
pound semiconductor material. The Intermediate layer Is in general different from the buffer layer (bamer layer). How- 
ever, as necessary, it may also serve as the buffer layer. The Intermediate layer is an insulating or semi-insulating 
AlxInl-xSb ( 0 <: X ^ 1) or In^Ga^.^ASySb^.y (0 ^ y ^ 1) thin film, high resistance layer, which is preferably approximate 
in lattice constant to that of InGaAsSb thin film, and large in band gap, and smaller in electron mobility than the thin 
film. The difference in lattice constant from InGaAsSb is preferably within 8%, more preferably within 5%. Further, it is 
preferable to form a lll-V group compound semiconductor layer having a large band gap as GaAs fomied at a low 
temperature, although It does not contact directly with the InGaAsSb thin film constituting the magnetic sensing pari 
of the magnetic sensor. That is, a plurality of intermediate layers are formed. In addition to such an intermediate layer, 
further on the intennediate layer, it is preferable to fomr» a passivation thin film layer such as SiOg or Si3N4 which is not 
a semiconductor, that is, a protective layer. 

[0069] Such an intermediate layer may be formed on the upper side of the thin film. Alternatively, it may be formed 
on both surfaces of the thin film. When the buffer layer ( in the present invention, one which Is formed on the upper 
side of the thin film is sometimes for convenience called a "barrier layer") is formed contacting the upper surface of 
the thin film, the intennediate layer is fornied contacting the barrier layer 

[0070] When such a compound semiconductor intennediate layer is formed on the upper side of the InGaAsSb thin 
film or the barrier layer, the protective film fomied as passivation and the operation layer of the magnetic sensing part 
may not directly contact. In spite of the presence of the protective film, characteristics of the InGaAsSb thin film, es- 
pecially the electron mobility become unchanged. Such an effect is panicularly remarkable when the thickness of the 
thin film is 0.2 microns or less. Further, in the case of an intermediate layer with a difference in lattice constant from 
the thin film of within 2%, such an intermediate layer also serves as a barrier layer 

[0071] In the present invention, the thickness of the intermediate layer is not specifically limited, It Is in general 2 
microns or less, preferably 1 micron or less, more preferably 0.5 microns or less. In particular, a layer fonned on the 
surface has a thickness of 0.5 microns or less, preferably 0.2 microns or less, more preferably 0.1 microns or less. 
When the intermediate layer is formed contacting the thin film, the intermediate layer may be doped with a donor atom 
such as Si, Se, Te, S, Sn, Ge or the like. However, the donor atom may be doped unifonnly over the entire intennediate 
layer, or it may be doped in bias to the surface side contacting with the thin film. In this case, at least part of the donor 
atom is required to be positively ionized. 

[0072] Since, the intermediate layer is very small in electron mobility as compared with the InGaAsSb thin film and 
small in conductivity, it has a property not contributing to electroconduclion even if it is a semiconductor. Therefore, it 
behaves as an insulating layer. Further, since it is disposed between the InGaAsSb thin film and the passivation layer, 
it prevents interaction caused by contact of the InGaAsSb thin film directly with the passivation layer, thus preventing 
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degradation of the characteristics of the InGaAsSb thin film. Therefore, in a magnetic sensor having an insulating 
Inorganic layer (protective layer) as a passivation layer, It Is preferable to arrange the layers In the order of an InGaAsSb 
thin film, an intermediate layer of a semiconductor of large band gap and smaller In-eiectron mobility than the InGaAsSb 
operation layer, and an insulating Inorganic layer (protective layer) as a passivation layer. An Insulating or high resist- 
s ance GaAs layer formed at a low temperature is a preferable example which is often used as an intemiediate layer. 
[0073] The magnetic sensor according lo the present invention is a high sensitivity magnetic sensor using an In- 
GaAsSb thin film as a magnetic sensing part, in combination with a Hall device and a magnetic resistance device, 
using a device combining the Hall effect with the magnetic resistance effect^ or a thin film magnetic sensor for detecting 
magnet icity by these effects. 

10 [0074] Further, a magnetic sensor integrally packaging a control circuit having at least acircuit for amplifying a mag- 
netic sensor output and a power supply circuit for driving the magnetic sensor is another aspect of a magnetic sensor 
of the present invention. 

[0075] In the following, the present invention will be described further in detail with reference to Fig. 2A to Fig. 7C. 
However, unless otherwise noted, the same reference numerals in the figures have the same functions. Further, the 

15 present invention includes equivalent circuits. 

[0076] Fig. 2A shows a plane diagram of a Hall device which is an aspect of a magnetic sensor according to the 
present invention having an ln^Gai.^ASySb.,.y thin film (0 < x ^ 1 , 0 g y ^ 1) as an operation layer, and Fig, 2B shows 
a sectional diagram taken along line IIB-IIB' in Fig. 2A. In Fig. 2A and Fig. 2B, an InGaAsSb thin film 2 is formed on 
an insulating substrate 1 . Electron concentration of the thin film 2 is 2.1 x lO^^/cm^ or more, and input resistance of 

20 the magnetic sensor at -SO'^C is within 15 times the input resistance at 160**C. In the figures, numeral 3 denotes an 
inorganic protective layer fonned on the entire surface except an external connection electrode 5, and 4 is a wiring 
part comprising a metal thin film, which is connected with the electrode 5 for connecting to the outside. The operation 
layer of a magnetic sensing part 6 Is shown by a cross pattem at the center. The magnette sensing part 6 detects a 
magnetic field as a magnetic sensor. 

25 [0077] In the present invention, the InGaAsSb thin film 2 is doped with an impurity (donor atom) such as Si, Te, Sn, 
S, Se, Geor the like. 

[0078] Fig. 3 shows the magnetic sensor in a state where a Hall device of the present invention is resin packaged. 
In Fig. 3, numeral 7 denotes a bonding for connecting the electrodes 6 (51 , 52, 53 of Fig, 4 and 6A) with a lead 8, and 
9 is a resin of the package. 

30 [0079] Fig. 4 shows a plane diagram of a three-terminal magnetic resistance device of the present invention having 
three external connection electrodes. The InGaAsSb thin film 2 and the electrodes 5 tor external connection are formed 
on the substrate 1 . 6 denotes a magnetic sensing pat tor detecting magnetic field as a magnetic sensor. 10 is a high- 
conductivity part formed by ohmic contact to InGaAsSb film 2 of the magnette sensing part tor enhancing the magnetic 
resistance effect of the InGaAsSb thin film, which is a short-bar electrode. 

35 [0080] With a constant voltage applied to the electrodes 5 (51 and 53), when a magnetic field is applied, potential 
at an output tenninal of the electrode 5 (51 ) varies according to the magnetic field, thereby detecting the magnetic field. 
[0081 ] Fig. 5A and Fig. 5B show a magnetic resistance device of another aspect of the magnetic sensor of the present 
invention. Fig. 5A is a plane diagram of the magnetic resistance device, and Fig. 5B is a sectional diagram taken along 
line VB-VB' of Fig. 5A. In the magnetic resistance device of the present aspect, four magnetic resistance device parts 

40 are disposed and connected in a bridge fonn on a plane. In Fig. 5A and Fig. 58, the InGaAsSb thin film 2 is formed on 
the substrate 1 , and a metal short bar electrode 1 0 is fornied on the thin film 2. The electrodes 5 for external connection 
and the magnetic resistance device part are connected with the wiring part 4, and the inorganic thin film, which is often 
formed as necessary as a passivation layer, is a protective layer 3 for protecting the magnetic resistance device. Since 
the four magnetic resistance device parts 61 , 62, 63, 64 making up the magnetic sensing part are disposed in a bridge 

^5 form as shown in Fig. 6A and Fig. SB, the two magnetic resistance device parts (61 and 63, 62 and 64) at the opposite 
sides are capable of receiving a magnetic field of the same strength simultaneously in the perpendicular direction. In 
the present invention, "connected in a bridge form" includes not only a case where the magnetic resistance device 
parts are connected in a bridge form, but also a case where the magnetic resistance devce parts are connected out 
of the substrate so that the device parts are disposed in a bridge fonn on the circuit. A magnetic resistance device part 

50 21 and the short bar electrode 10 fomn the magnetic resistance device parts 6 (61, 62, 63, 64), Magnetic resistance 
effect depends on the shape of the magnetic resistance device part 6 (61 , 62, 63, 64) between the short bar electrodes, 
wherein the smaller the ratio (l_/W) of the length (L) and the width (W) in the current flow direction of the magnetic 
resistance device part, the greater the resistance variation rate. The wiring parts 4 for connecting the magnetic resist- 
ance device parts do not cross each other and may have a construction comprising only a single layer However, 

55 alternatively, depending on the position of the electrodes 5 (51 , 52, 53, 54), to reduce the length of the wiring part, a 
stereoscopic multilayer structure may be used in which the wiring part is crossed at least at one position. 
[0082] It is preferable that the resistance of the wiring parts from the adjacent magnetic resistance devrce part to the 
external connection electrode are equal to each other, so that the offset voltage is decreased. The resistance of the 
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wiring pari is preferably 1% or less, more preferably 0.5% or less, compared with the resistance of the magnetic re- 
sistance device part at room temperature. 

[0083] The InGaAsSb thin film of the magnetic resistance device part is preferably as small In thickness as possible. 
This is because a smaller film thickness provides a high device resistance. Even with the same device resistance, the 
chip size can be reduced, and production time can be decreased, thus being advantageous in view of the production 
cost. The film thickness is preferably 7 microns or less, more preferably 5 microns or less, still further preferably 3 
microns or less, further 2 microns or less Is particularly preferable, yet further 1 micron or less provides the highest 
sheet resistance so that the chip size can be minimized, which is the most preferable. 

[0084] Further, it is preferable that in the InSb thin film of the magnetic resistance device part, deviation of the sheet 
resistance Is within 5% of standard deviation. 

[0085] In the present invention, it is preferable that a semiconductor insulation layer (or high resistance layer) Al^- 
Gayln^ASgSbjBiy (x + y + z = 1 , s + t + u = i , o ^ x, y 2, s, t, u ^ 1 ) approximate in lattice constant to the substrate is 
fornied between the InGaAsSb thin film and the substrate. The lattice constant of the semiconductor insulation layer 
is preferably such that a difference from the lattice constant of InGaAsSb is within 7%. The band gap of the layer is 
required to be set greater than that of the operation layer. With such a structure, a thin, high resistance InSb or InGaAsSb 
thin film can be easily obtained, and a small power consumption magnetic sensor is obtained, which is practically 
useful. Further, degradation of characteristics of the InGaAsSb lay during device production is small. 
[0086] The semiconductor insulation layer is also often formed on the upper and/or lower sides of the InGaAsSb thin 
film. When the thickness of the InGaAsSb thin film is 1 micron or less, the semiconductor insulation layer is often 
formed on the upper and lower sides. As an example of such a semiconductor insulation layer, a three-component or 
four-component compound semiconductor insulation layer comprising Inj^Gai.^ASySbi.y (0<xS1,0^y^1, however, 
X and y are not 0 simultaneously) is a particularty preferable example. 

[0087] Fig. 6A shows a sectional structure of the state where the semiconductor thin film 2 as the operation layer of 
the magnetic sensor of the present invention is fomied directly on the insulating substrate 1."Fig. 6B shows a cross 
section of the state where the semiconductor insulation layer 11 for reducing the difference of lattice constant is formed 
between the insulating substrate 1 and the semiconductor thin film 2. Fig. 6C is a sectional diagram when the semi- 
conductor insulation layer 1 1 for reducing the difference of lattice constant is fomned on the surface of the semiconductor 
thin film 2, which is a stale where a semiconductor insulation layer having also an effect of reducing degradation of 
the characteristics of the passivation or thin film insulation layer such as Si3N4. Fig. 7A shows a sectional structure of 
the state where the intennediate layer 13 Is fomied on the semiconductor thin film 2, and Fig. 7B shows a sectional 
structure of the state where the semiconductor insulation layer 11 is fonned between the semiconductor thin film 2 and 
the intermediate layer 13. 

[0088] The semiconductor insulation layer 11 or the Intermediate layer 13 may sometimes be doped with a donor 
atom 12 such as Si to supply electrons to the InGaAssb thin film. However, doping may be perfonmed to part of the 
semiconductor insulation layer (or intermediate layer), in such a case, at least a part of the donor atom electrons is 
supplied to the InGaAsSb layer of low energy. Then, the donor atom of the semiconductor insulation layer (or interme- 
diate layer) is positively ionized. Fig. 7C shows a case of where the semiconductor insulation layer 11, In the area 
contacting the semiconductor thin film 2, is doped with the donor atom 12. 

[0089] Thickness of such a semiconductor insulation layer is not specifically limited. However, it is nomially 2 microns 
or less, preferably 1 micron or less, more preferably 0.5 microns or less. When the semiconductor insulation layer is 
tomned on the surface, it is necessary to fonn an ohmic electrode on the InSb surface, the thickness of the layer is 
preferably 0.5 microns or less, further 0.2 microns or less, and most preferably 0.1 microns or less. 
[0090] An example In which the above structure is used in the magnetic sensing part of a magnetic sensor of the 
present invention is shown. For example, in the esse of the structure of Fig. 6A or Fig. 7A, the semiconductor thin film 
2 is formed directly on the insulating substrate. In the ease where the magnetic sensor is a magnetic resistance device, 
£ metal short bar electrode is fomied directly on the semiconductor thin film 2. In the case of the structure of Fig, 6B 
or Fig, 7B, the semiconductor insulation layer is fonned between the insulating substrate and the semiconductor thin 
film, and a short bar is formed on the semiconductor thin film. In the case of the structure of Fig. 6C or Fig. 7C, the 
semiconductor insulation layer is formed on the surface, and the short bar electrode is formed by removing part of the 
layer. Further, in the present invention, to provide a high conductivity, part of the semiconductor thin film may be doped 
to provide the short bar effect. 

[0091] Fig, 8 shows a state where the magnetic resistance device 18 of the present invention is packaged with a 
control circuit part 14 of a silicon integrated chip provided with an analog amplifier 15, a Schmidt trigger 16 and an 
output part 17 (shown by an output transistor). This is also included in the magnetic sensor of the present Invention. 
Here, the control circuit part 14 means a control circuit having at least a differential amplifier circuit and a power supply 
circuit for driving the magnetic sensor, which is preferably to be compact, and it is particularty preferable that it is 
produced as a silicon integrated circuit chip. The circuit part nriay be packaged with the magnetk: resistance device of 
the present invention, which is also the magnetic sensor of the present invention. 
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(Embodiment 1) 

[0092] A Hall device was prodLx:ed using the following procedures. 

[0093] In the present embodiment, a thin film production apparatus specially fabricated for compound semiconductor 
thin film production was used. The basic construction ot the apparatus Involves use of a super-high-vacuum chamber, 
a holder for setting a substrale and a heating control apparatus capable of healing the substrate at a constant temper- 
ature. Further a plurality of evaporation sources (Knudsen cells) capable of separately controlling the vapor pressures 
of materials such as In, Sb, As and the like are provided. In this apparatus, time-series evaporation control of the vapor 
pressures of the respective materials, and according to a heating program of the substrate by the substrate heating 
apparatus, single crystal growth of a desired material uniformly on the substrate can be carried out. In addition to the 
above functions, as necessary, a thin film production apparatus provided with doping means capable of vapor pressure 
control of donor impurities such as Si or Sn is performed in time series at a predetermined concentration to only a 
desired part of thin film during growth. A molecular beam epitaxy apparatus capable of growing a single crystal thin 
film or mixed crystal thin film of materials used In the magnetic sensor part of the Invention: hereinafter sometimes 
*5 abbreviated simply as MBE apparatus Is also used. 

[0094] Using the above described apparatus, a compound semiconductor thin film constituting the magnetic se rising 
part of the magnetic sensor of the present invention was produced under the following conditions. 
[0095] A semi-insulating GaAs substrate of flat surface was set on the substrate holder of the above apparatus , and 
transported into a crystal growing chamber. Next, after the crystal growing chamber was evacuated to a super- high- 
vacuum (2 X 1 mbar). InSb and dopant Sn were evaporated from the Knudsen cell set in the crystal growing chamber. 
A 1 .0 micron thick Sn doped InSb thin film was formed by growing for 60 minutes at an indication temperature 560'C 
of the substrate heater (substrate temperature 420'»C). At this time, as an optimum condition for obtaining a high 
electron mobility, the In vapor beam strength was set to 1 .2 x 1 0*7 mbr, the Sb vapor beam strength to 1 .8 X 1 C'S mbr, 
the dopant Sn Knudsen cell temperature to TOO'^C, which is small in influence on substrate heating. Further, the sub- 
strate temperature during growth was constant at 420*>C. In particular, a Sn Knudsen cell temperature of lower than 
1 0OOX was suitable as a condition for obtaining a high electron mobility. The thus formed InSb thin film had an electron 
mobility of 44,000 cm^Nsec, and an electron concentration of 7 X 1 0'»6/cm3. 

[0096] It was found from measurement of dopant activation rate that 50% of doped Sn put out electrons and was 
present as positive ions. The high activation rate suggests that a high electron mobility Is obtained, and a high sensitivity 
30 Hall device can be produced. 

[0097] Next, a Hall device as shown in Fig. 2A and Fig. 2B was produced. To form the InSb thin film Into a desired 
pattern, a resist film was fonned by a photolithographic process. After dry etching by ion milling, the InSb thin film 2 
was etched by a solution containing feme chloride. On the resulting thin film, a resist pattern for forming external 
connection bonding electrodes was formed by the photolithographic process. After that, Cu and Ni were deposited 
over the entire surface of the substrate to form a metal layer. By a lift off process, the resist pattern and the metal layer 
deposited thereon were removed to form a plurality of external connection electrodes 5. A silicon nitride protective 
layer 3 was formed over the entire surface of the substrate by a plasma CVD method. Only silicon nitride on the bon ding 
electrodes was removed by reactive ion etching to perfomi window opening. A resist was formed by the photolitho- 
graphic process so that the bonding electrode part of each window is opened. After pure gold was deposited over the 
entire surface, a gold layer was formed only on the bonding electrode part by the lift off process, thereby producing on 
a single substrate a plurality of Hall devices of the present invention as shown in Fig. 2A and Fig. 28. 
[0098] When the characteristic of the obtained Hall device was measured, the device resistance at room temperature 
was 110 ohms. It was found that output side offset voltage when a 1 V voltage was applied to the Input electrode was 
0.1 ± 2.2mV. which was very small. Here, the offset voltage means when no magnetic field is applied, a voltage between 
output terminals when IV is applied between Input terminals. Temperature dependence of resistance of the device 
was .0.5%/«C or less. Input resistance ratio between -50*'C and +150''C was within two times. Further, Hall voltage 
obtained at an input voltage of IV and a magnetic field of flux density of 1 tesia was 210 mV 

[0099] A thin film magnetic sensor of the present invention can be easily produced by the wafer process applying 
the above-described photolithography, and is adaptable to mass production, with high yield. Further, since film thickness 
of the magnetic sensing part of the thin film is small, the resistance is higher than 1 GO ohms at room temperature, and 
power consumption is also small. Still further, device resistance variation with temperature is small, and temperature 
change of offset is also small. 

[0100] Further, connection with an external lead is possible by way of wire bonding by standard gold wire, which is 
adaptable to mass production. The resulting Hall device can be finished as a sensor by embedding the package after 
bonding in resin molding or in a thin metal pipe. Still further, the device can be packaged with a control circuit for digitally 
amplifying the output signal of the device. In this case, the control circuit is preferably produced with Si IC. Since 
temperature change of the device resistance is small, a compact Si substrate circuit chip can be used for digital am- 
plification. 
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(Embodiment 2) 

[0101] A Hall device in which the semiconductor thin film layer is doped with Si was produced using the following 
procedures. 

[0102] Specifically, in the present embodimenl, a thin film production apparatus specially fabricated for compound 
semiconductor thin film production was used. The basic construction of the fabrication apparatus includes a super- 
high-vacuum chamber, a holder for setting a substrate and a heating control apparatus capable of heating the substrate 
at a constant temperature, and a plurality of evaporation sources (Knudsen cells) capable of separately controlling the 
vapor pressures of materials such as In, Sb, As and the like. In this apparatus, time-series evaporation control of the 
vapor pressures of the respective materials, end according to a heating program of the substrate by the substrate 
heating apparatus, single crystal growth of a desired material uniformly on the substrate can be carried out. In addition 
to the above functions, as necessary, a thin film production apparatus provided with doping nr>eans capable of vapor 
pressure control of donor Impurities such as Si or Sn is performed in time series at a predetermined concentration to 
only a desired part of thin film during growth. A molecular beam epitaxy apparatus capable of growing a single crystal 
thin film or mixed crystal thin film of materials used in the magnetic sensor part of the invention hereinafter sometimes 
abbreviated simply as MBE apparatus is also used. 

[0103] Using the above-described apparatus, according to the procedure of the above Embodiment 1 , an InSb thin 
film was formed to a thickness of 1 .0 micron on a semi-insulating<aaAs substrate by the MBE method for 60 minutes 
at an indication temperature 550**C of the substrate heater (substrate temperature 420*C) in a super-high-vacuum (2 
X 1 0-® mbar). However, simultaneously with the crystal growth, the thin film layer was formed by Si doping. At this time, 
the Si Knudsen cell temperature was constant at 1080X. For In and Sb, the same procedure as was used in the 
embodiment was used. The thus formed InSb thin film had an electron mobility of 35,000 cm^/Vsec, and an electron 
concentration of 7 x 10'' ^/cm^. To form the InSb thin film into a desired pattern, a resist film was fomned by a photo- 
lithographic process, and this film was then etched. Next, on the InSb thin film, a wiring part comprising a plurality of 
thin metal thin films and bonding electrodes were assembled according to process used for Embodiment 1 . Next, as 
in Embodiment 1 , a gold layer was fomned only on the surface of the bonding electrodes, thereby producing on a single 
substrate a plurality of Hall devices of the present invention with the semiconductor thin film doped with Si, 
[0104] When the characteristic of the thus obtained Hall device was measured, the device resistance at room tem- 
perature was an average of 40 ohms. It was found that an offset voltage developing as a potential difference at the 
output side electrodes (electrodes 52, 54 in Fig. 2A) when 1 V voltage was applied to the input electrodes (for example, 
electrodes 51 , 53 of Fig. 2A) was 0.1 ± 1 .2mV, which was very small. Further since the electron mobility of the semi- 
conductor thin film was high, sensitivity to a magnetic field was also high, and Hall voltage obtained at an input voltage 
of IV and a magnetic field of flux density of 0.1 tesia was 128 mV. 

[0105] Temperature change of input resistance was -0.4%/'*C, and input resistance at -50*'C was within 5 times the 
resistance at 150*C. Thus, the temperature dependence was remarkably reduced as compared to the temperature 
change of resistance •2.0%/*'C for the case of a conventional thin film device. 

[0106] Further, this Hall device was packaged with a Si IC control circuit to produce a magnetic sensor having an 
amplifier circuit, that is, a digital output magnetic sensor. The resulting magnetic sensor operated as a digital high 
sensitivity magnetic sensor stably in the temperature range from -50**C to +150*C. 

(Embodiment 3) 

[0107] A bridge-formed magnetic resistance device was produced as follows. 

[0108] As in Embodiment 2, a Si-doped InSb thin film and an intermediate layer the same as in Embodiment 2 were 
formed on a flat surlace. semi-insulating GaAs substrate. The thus formed 1 .0 micron thick InSb thin film had an electron 
mobility of 36.000 cm^A/sec, and an electron concentration of 7 X lO^^/cm^. Next, to form an intennediate layer and 
an InSb thin film into the desired patter as shown in Fig. 5, a resist film was fomned and etched as in Embodiment 2. 
Part of the intennediate layer was removed by photoetching to fotm short bar electrodes comprising a plurality of thin 
metal thin films, a wiring part, and bonding electrodes on the InSb thin film. 
50 [0109] Next, as in Embodiment 2, a gold layer was formed only on the surface of the bonding electrodes. Thus, a 
plurality of bridge-formed magnetic resistance devices of the present invention were simultaneously produced on a 
single substrate, having a structure in which four magnetic resistance effect generating devices are connected in a 
bridge fomn as shown in Fig. 5A and Fig. 58 so that two resistance device parts at opposite positions (not adjacent 
two resistance device parts) are disposed on a plane to be applied with a magnetic field of the same strength. ITW of 
55 this magnetic resistance device was 0.25. 

[0110] When the characteristics of the obtained magnetic resistance device were measured, the device resistance 
at room temperature was 110 ohms. It was found that output side offset voltage, when a IV voltage was applied to the 
input electrodes, was 0.1 ± 1 .2mV which was very small. Further, it was shown that since a single crystal thin film was 
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used and the electron mobility was high, gear tooth detection for the purpose of detecting rotational speed was high. 
Further, temperature change rate of the device was -0.4%/*C, and Input resistance at -50*C was within 6 times the 
resistance at 150*C. Thus, the temperature dependence could be remarkably reduced as compared to the temperature 
change of resistance -2.0%/**C for the case of a conventional thin film device. 

[0111] Further, this device was packaged with a SI IC control circuit to produce a magnetic sensor having an amplifier 
circuit, that Is, a digital output magnetic sensor. The resulting magnetic sensor operated as a digital high sensitivity 
magnetic sensor stably in the temperature range from -50*C to +150"C. 

(Embodiment 4) 

[01 12] A three-terminal magnetic resistance device was produced as follows. 

[0113] A semiconductor Insulation layer of gAlo gAsj, gSb^ g was formed in a super-high-vacuum (2 X 1 0*8 mbar) 
by the MBE method using the apparatus described in Embodiment 1 to a thickness of 0.3 microns on a flat surface 
semi-insulating GaAs substrate. On top thereof, an InSbthin film was forrried to a thtekness of 0.3 microns by the MBE 
method in the super-high-vacuum (2 X 10-8 mbar). 

[0114] However, at the same time of the crystal growth by the MBE method, Si was doped to form a thin film . The 
resulting InSb thin film had an electron mobility of 33,000 cm^A/sec, and an electron concentration of 7 X 10i6/cm3. 
Next, as an intemiediate layer, an AIq.s In 0 5 Sb layer was formed to a thickness of 0.15 mterons. To form the interme- 
diate layer and the InSb thin film Into a desired pattern, a resist film was formed and etched as in Embodiment 3. and 
part of the intemriediate layer was removed by photoetchrng to form short bar electrodes comprising a plurality of thin 
metal thin films and a wiring part on the InSb thin film. Next, as In Embodiment 3, a plurality of three-terminal magnetic 
resistance devices were produced on a single substrate. 

[0115] When the characteristic of the obtained magnetic resistance device was measured, the device resistance at 
room temperature was an average of 1 00 ohms. It was found that the offset voltage appearing as a potential difference 
at the output side electrode (electrode 52 of Fig. 4) when 1 V voltage was applied to the Input electrodes (for example, 
electrodes 51, 53 of Fig. 4) was 0.1 ± 1.2mV, which was very small. To check the sensitivity to a magnetic field, a 
magnetic resistance effect was measured. Resistance change at a magnetic field of 0.1 tesia flux density was 9%. 
[0116] Since, in the case of Embodiment 4, the magnetic sensing part thin film Is thin formed, it has a high input 
resistance as compared with Embodiment 3, and power consumption is small. 

[0117] Further, this magnetic resistance device was packaged with a Si IC control circuit to produce a magnetic 
sensor having an amplifier circuit, that is, a digital output magnetic sensor. The resulting magnetic sensor operated as 
a digital high sensitivity magnetic sensor stably in the temperature range from -50**C to +150**C. 

(Embodiment 5) 
35 

[0118] A three-terminal magnetic resistance device was produced as follows. 

[0119] As in Embodiment 4, a semiconductor insulation layer of GaQ^Alo 3AS0 Sb 0.9 was formed to a thickness of 
0.3 microns on a flat surface semi-insulating GaAs substrate. Next, an Alo.3lno 7Sb layer for reducing the difference in 
lattice constant from InSb, was fonned to a thickness of 0.1 0 micron. On top thereof, as in Embodiment 4. a 0.2 micron 

>o thick Si doped InSb thin film was formed. The resulting InSb thin film had an electron mobility of 41 ,000 cmSA^sec, and 
an electron concentration of 9 X 10i6/cm3. Next, as an intermediate layer, an AloglnQg Sb layer was formed to a 
thickness of 0.15 microns. Next, as in Embodiment 4, a plurality of three-tenminal magnetic resistance device were 
formed on a single substrate. The resulting magnetic resistance device was greater in electron mobility than thai of 
Embodiment 4 This is considered to be due to the fact that the magnetic resistance device obtained In Embodiment 

'5 5 is provided with a layer for reducing the difference in lattice constant. 

[0120] When the characteristic of the obtained magnetic resistance device was measured, the device resistance at 
room temperature was an average of 250 ohms, (t was found that the offset voltage at the output side, when a IV 
voltage was applied to the input electrodes, was 0.1 ± l.4mV, which was very small. To check the sensitivity to a 
magnetic field, a magnetic resistance effect was measured. Resistance change at a magnetic field of 0.1 tesIa flux 

« density was 11%, Further, temperature change of input resistance was -0.5%/X, and input resistance at -50"C was 
within 8 times the resistance at 150«C. Thus, the temperature dependence was remarkably reduced as compared to 
the temperature change of resistance -2.0%/''C for the case of a conventional thin film device. Further in this case, the 
magnetic sensing part thin film can be formed to a small thickness , it has a high input resistance . and power consumption 
is small. 

5 [0121] This magnetic resistance device was packaged with a Si IC control circuit to produce a magnetfc sensor 
having an amplifier circuit, that is, a digital output magnetic sensor. The resulting magnetic sensor operated as a digital 
high sensitivity magnetic sensor stably in the temperature range from -50"C to +150'*C. 
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(Embodiment 6) 

[0122] A Hall device was produced as follows. 

[0123] As in Embodiment 5, a 0.3 micron thick GaQyAlQ 3 ASq^ Sbo 9 semiconductor insulation layer andaO.05 micron 
thick AIq glno jSb as a layer for reducing the difference in lattice constant from InSb were formed on a flat surface semi- 
insulating GaAs substrate. On lop thereon, as in Embodiment 5, a 0.1 micron thick InSb thin film and a 0.15 micron 
thick Alo.3ino7Sb as an intermediate layer were formed. However, for the purpose of increasing the electron concen- 
tration of the InSb thin film, instead of doping to the InSb thin film, a specific part of the intermediate layer, that is, the 
part to a depth of 0.003 microns from the boundary surface of the part contacting the InSb thin film is doped v^ith Si 
simultaneously with crystal growth. The resulting InSb thin film had an electron mobility of 42.000 cm^/Vsec, and an 
electron concentration of 9 X 10''Vcm3. Next, to form the intennedlate layer and the InSb thin film into the desired 
pattern as shown in Fig, 2A and Fig. 2B, a resist film was fonned and etched as in Embodiment 5 to form a wiring part 
comprising a plurality of thin metal thin films and bonding electrodes on the InSb thin film having the intemiediate layer. 
Next, as in Embodiment 5, a plurality of Hall devices as shown in Fig. 2A and Fig. 2B were produced on a single 
substrate. 

[0124] When the characteristics of the obtained Hall device were measured, the device resistance at room temper- 
ature was an average of 250 ohms as In Embodiment 6. It was found that the offset voltage at the output side, when 
a 1 V voltage was applied to the input electrodes, was 0.1 ± 1 .4mV, which was very small. Further, the Hall voltage at 
a magnetic field of 0.1 teslaflux density, when the input voltage was IV, was 185mV. Temperature change rate of the 
resultant Hall device input resistance was -0.6%/'*C, and input resistance at -50*0 was within 5 times the resistance 
at 150*C. Thus, the temperature dependence was rennarkably reduced as compared to the temperature change of 
resistance -2.0%/*C for the case of a conventional thin film device. Further in this case, the magnetic sensing part thin 
film can be formed to a small thickness, it has a high input resistance, and power consumption is small. 
[0125] Further, this Hall device was packaged with a Si IC control circuit to produce a magnetic sensor having an 
amplifier circuit, that is, a digital output magnetic sensor. The resulting Hall device operated as a digital high sensitivity 
magnetic sensor stably in the temperature range from -50*C to +150**C. 

(Embodiment 7) 

[0126] In Embodiment 4, using the same procedure as in Embodiment 4, except that the donor atom was changed 
from Si to S, a three-tenninal magnetic resistance device with a S doped thin film was produced. 
[0127] The characteristic of the thin film obtained at this time was the same as Embodiment 4. Further, when the 
characteristic of the magnetic resistance device was measured as In Embodiment 4, device resistance at room tem- 
perature was an average of 1 1 0 ohms. It was found that output side offset voltage, when a 1 V voltage was applied to 
the input electrodes, was 0.1 ± 0.9 mV, which was very small. To check the sensitivity to a magnetic field, a magnetic 
resistance effect was measured. Resistance change at a magnetic field of 0.1 tesla flux densfty was 9%. Temperature 
change rate of input resistance of the magnetic resistance device was -0.4%/**C, and the input resistance at -50**C was 
within 5 times the resistance at 150*C. 

[0128] This magnetic resistance device was packaged with a Si IC control circuit to produce a magnetic sensor 
having an amplifier circuit, that is, a digital output magnetic sensor. The resulting magnetic resistance device operated 
as a digital high sensitivity magnetic sensor stably in the temperature range from -60**C to +150*C. 

(Embodiment 8) 

[01 29] Embodiment 8 used the same procedure as in Embodiment 4 except that the donor atom was changed from 
Si to Sn. a three-terminal magnetic resistance device with a Sn doped thin film was produced. 
[0130] In this case, the characteristic of the obtained thin film was the same value as in Embodiment 4. Further, when 
the characteristic of the magnetic resistance device was measured as in Embodiment 4, device resistance at room 
temperature was an average of 1 00 ohms. It was found that output side offset voltage, when a 1 V voltage was applied 
to the input electrodes, was 0.1 ± 0.8 mV, which was very small. 

[0131] To check the sensitivity to magnetic field, a magnetic resistance effect was measured. Resistance change at 
a magnetic field of 0.1 tesla flux density was 9.0%. Temperature change rate of input resistance of the magnetic re- 
sistance device was -0.4%/*C, and the input resistance at -60°C was within 5 times the resistance at 150*0. Thus, 
the temperature dependence was remarkably reduced as compared to the temperature change of resistance -2.0%/ 
**C for the case of a conventional thin film device. 

[0132] This magnetic resistance device was packaged with a Si IC control circuit to produce a magnetic sensor 
having an amplifier circuit, that is, a digital output magnetic sensor. The resulting magnetic resistance device operated 
as a digital high sensitivity magnetic sensor stably in the temperature range from -50*C to -i-160*C. 
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(Embodiment 9) 

[0133] A magnetic resistance device was produced as follows. A 0.2 micron thick alumina thin film was formed by a 
sputtering method on a flat surface single crystal ferrite substrate to make the single crystal substrate surface insulating. 
On the insulating surface of the ferrite substrate, a gAlo.aASo gSbo g semiconductor insulation layer was fomied by 
the MBE method in super-high-vacuum (2 X 1 0'^ mbar) to a thickness of 0.3 microns. Next, in the super-high-vacuum, 
an InSb thin film was formed by the MBE method to a thickness of 0.3 microns. However, simultaneously with crystal 
growth by the MBE method, Si was doped to form a thin film The formed InSb thin film had an electron mobility of 
33,000 cm2/Vsec, and an electron concentration of 7 X iC^/cmS. Next, as in Embodiment 4, a 0.15 micron Alo'g lnoi 
Sb layer was formed as an intermediate layer, and, as in Embodiment 4, a plurality ofthree-tenninal magnetic resistance 
devices were formed on a single substrate. When the characteristic of the magnetic resistance device was measured, 
device resistance at room temperature was an average of 1 00 ohms. It was found that output side offset voltage, when 
a 1V voltage was applied to the input electrodes, was 0.1 ± 1 .2 mV, which was very small. To check the sensitivity to 
magnetic field, a magnetic resistance effect was measured. Resistance change at a magnetic field of 0.1 tesia flux 
density was 9%. 

[0134] Temperature change of input resistance was -0.4%/«»C, and the input resistance at -SO'C was within 5 times 
the resistance at 1 50°C. Thus, the temperature dependence was remarkably reduced as compared to the temperature 
change of resistance -2 .0%/°C for the case of aconventional thin film device. Further in this case, the magnetiosensing 
part thin film can be fomied to a small thickness, it has a high Input resistance as compared with Embodiment 4, and 
power consumption Is small. 

[0135] This magnetic resistance device was packaged with a Si IC control circuit to produce a magnetk: sensor 
having an amplifier circuit, that is, a digital output magnetic sensor. The resulting magnetic resistance device operated 
as a digital high sensitivity magnetic sensor stably in the temperature range from -SC^C to +150'C. 

(Embodiment 10) 

[0136] In embodiment 10, a Hall device as shown in Fig. 9A and Fig. 9B is produced. In these figures, for simplicity 
of description, the same functions as in Fig. 2A, Fig. 2B and other figures are indicated by the same reference numerals. 
[0137] Fig. 9A shows a plane diagram of the Hall device of the present embodiment, and Fig. 9B shows a sectional 
diagram taken along line IXB-IXB' in Fig. 9A, In Fig. 9A and Fig. 9B, the InGaAsSb thin film 2 is f omried on the insulating 
substrate 1, Electron concentration of the thin film 2 is 2.1 X or more, and input resistance of the magnetic 

sensor at -50°C is within 15 times the input resistance at 150^C. In the figures, numeral 4 indicates a wiring part, which 
connects the electrodes 5 for external connection and the operation layer of the magnetic sensing pan 6. The magnetic 
sensing part 6 detects a magnetic field as a magnetic sensor. 

[0138] The Hall device of the above construction with an Si doped semiconductor thin film layer was produced as 
follows. 

[0139] A 1 .0 micron thick InSb thin film was formed on a flat surface semi-insulating GaAs substrate by the f^BE 
method using the apparatus described in Embodiment 1 in a super-high-vacuum (2 x 10'® mbar). However, simulta- 
neously with crystal growth by MBE, Si was doped to form the thin film. The fonned InSb thin film had an electron 
mobility of 36,000 cm^A/sec, and an electron concentration of 7 x 10i€/cm3. Next, a Ga^g Inj, ^ Sb layer was formed 
to a thickness of 0.15 microns as an intennediate layer. To form the intermediate layer and the InSb thin film into a 
desired pattern, a resist film was fonned and etched by a photolithographic process. On the InSb thin film having the 
intemnediate layer, a wiring part comprising a plurality of thin metal thin films and bonding electrodes for external 
connection were formed. 

[0140] Next, a gold layer was formed only on the surface of the bonding electrodes, thereby producing a plurality of 
Hall devices of the present invention on a single substrate with the semiconductor thin film doped with Si on a single 
substrate. 

[0141] When the characteristic of the obtained Hall device was measured, device resistance at room temperature 
was an average of 40 ohms It was found that output side offset voltage, when a IV voltage was applied to the Input 
electrodes, was 0.1 ± 2.2 mV, which was very small. It was found that the offset voltage appearing as a potential 
difference at the output side electrodes (electrodes 52, 54 of Fig. 9A), when IV voltage was applied to the input elec- 
trodes (for example, electrodes 51, 53 of Fig. 9A), was 0.1 ± 1.2mV, which was very small. Further, since the electron 
mobility of the semiconductor thin film was high, sensitivity to a magnetic field was also high, and Hall voltage obtained 
at an input voltage of 1 V and a magnetic field of flux density of 0,1 tesIa was 1 30 mV. Temperature change rate of input 
resistance of the magnetic resistance device was -0.4%/*C, and the temperature dependence was remarkably reduced 
as compared to the temperature change of resistance -2.0%rC for the case of using undoped InSb thin film of Em- 
bodiment 10. 
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(Embodiment 11) 

[0142] A bridge-fomiecl magnetic resistance sensor was produced as follows. 

[0143] As in Embodiment 10, on a flat surface semi-insulating GaAs substrate, a Si-doped InSb thin film and an 
5 intemiediale layer the same as that of Embodiment 10 were fomied. The formed 1.0 micron thick inSb thin film had 
an electron mobility of 35,000 cm2A^sec, and an electron concentration of 7 X 20^«/cm3. Next, to form the intemnediate 
layer and the InSb thin film Into the desired pattern as shown in Fig. 5, as in Embodiment 10, a resist film was formed 
and etched to fonn a plurality of thin metal thin films, that Is, a short bar electrode comprising two layers of Cu/Ni, a 
wiring part, and bonding electrodes comprising three layers of Cu/Ni/Au on the InSb thin film having the intermediate 
10 layer. 

[0144] Next, as in Embodiment 10, a gold layer was formed only on the surface of the bonding electrodes. Thus, a 
plurality of bridge-fomned magnetic resistance devices of the present invention were produced on a single substrate. 
The resultant structure includes four magnetic resistance effect generating devices connected in a bridge form as 
shown in Fig. 5A and Fig. 5B so that two resistance device parts at opposite positions (not adjacent two resistance 

15 device parts) are disposed on a plane to be applied with a magnetic field of the same strength simultaneously. The 
ratio LAN of length L and width W between short bar electrodes of this magnetic resistance device was 0.25. 
[01 45] When the characteristic of the obtained magnetic resistance device was measured, device resistance at room 
temperature was 350 ohms. Resistance change rate at a magnetic field of 0.1 tesia flux density was 9%. and it was 
found that resistance change rate to magnetic field is large and the sensitivity is good. It was found that output side 

20 offset voltage, when a 1 V voltage was applied to the input electrodes, was 0.1 ± 1 .2 mV, which was very small. Further. 
It was shown that since a single crystal thin film was used and the electron mobility was high, resistance change rate 
of magnetic field is large, and gear tooth detection ability was high. Temperature change rate of resistance of the device 
was >0.4%/''C, and the temperature dependence could be remarkably reduced as compared to the temperature change 
rate of resistance -2.0%/°C for the case of using undoped InSb thin film. It was found that a digital output magnetic 

25 sensor f onned by connecting the present device with a Si IC differential digital amplifier Into a single package was very 
good in gear tooth detection ability 



(Embodiment 12) 

30 [0146] A three-terminal magnetic resistance device was produced as follows. 

[0147] As in Embodiment 10, on a GaAs substrate, a 1 .0 micron thick InSb thin film doped with a small quantity of 
Sn and having an electron mobility of 50,000 cm^A/sec and an electron concentration of 4 X 1 C^/cm^ and a 0.2 micron 
thick AIq 2 Ino e Sb intermediate layer were fonned. Next, to form the intermediate layer and the InSb thin film into a 
desired panern, a resist film was formed by a photolithographic process and etched as in Embodiment 10. On top 

35 thereof, a resist pattern for forming short bar electrodes comprising a plurality of thin metal thin films, a wiring part, and 
bonding electrodes is formed by the photographic process. After that, as in Embodiment 10, short bar electrodes, a 
plurality of external connection electrodes, and the wiring part were formed. Next, as in Embodiment 10, a gold layer 
was fonned only on the surface of the bonding electrodes. Thus, a plurality of three-terminal magnetic resistance 
devices as shown in Fig. 4 having three bonding electrodes were produced on a single substrate. Production was 

^0 performed with ratio L/W of length L and width W between short bar electrodes of 0.25. 

[01 48] When the characteristic of the obtained magnetic resistance device was measured, device resistance at room 
temperature was 810 ohms. It was found that output side offset voltage, when a 1 V voltage was applied to the input 
electrodes, was 0.1 ±2.1 mV, which was very small. Further, it was shown that since a single crystal thin film was used 
and the electron mobility was high, resistance change rate of magnetic field is large, a resistance change of 14% was 

« obtained at a magnetic field of 0.1 tesIa flux density, it has a high resistance, and gear tooth detection ability was very 
large. 

[0149] It was found that the present device can be easily produced by the wafer process using photolithography, it 
Is adaptable to mass production, and production yield is high. Further, since film thickness of the magnetic sensing 
part of the thin film is small, the resistance is higher than 300 ohms at room temperature, and power consumption was 
'^0 also small. 

[01S0] Further, connection with an external lead is possible by way of wire bonding by standard gold wire, which is 
adaptable to mass production. The resulting magnetic resistance device can be finished as a sensor by embedding 
the package after bonding in resin molding or in a thin metal pipe. Still further, the<jevice can be packaged with a 
control circuit for digitally amplifying the output signal of the device. In this case, the control circuit is preferably produced 
•5 with Si IC. This is high in detection ability of a rotating gear and is to be used as a magnetic sensor for detecting 
rotational speed or the like. 
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{Embodiment 13) 

[0151] A three-terminal magnetic resistance device was produced as follows. 

[01 52] On a flat surface semi-insutaiing GaAs substrate, a Ga^ y A\q q Asq ^ Sb^ 9 semiconductor insulation layer was 
formed by the MBE method in super-high-vacuum (2 X lO'^ mbar) to a thickness of 0.3 microns. On top thereof, a 0,3 
micron thick InSb thin film was formed by the MBE method. However, simultaneously with crystal growth by MBE, Si 
was doped to form the thin film. The formed InSb thin film had an electron mobility of 33,000 cm^A^sec, and an electron 
concentration of 7 X 1 0^^/cm^. Next, a Gao.g Ihq 1 Sb layer was fonned to a thickness of 0.1 5 microns as an inlennediale 
layer. To form the intermediate layer and the InSb thin film into a desired pattern, a resist film was formed and etched 
by a photolithographic process. On top thereof, short bar electrodes comprising a plurality of thin metal thin films, a 
wiring part, and bonding electrodes were formed. Next, as in Embodiment 11, a gold layer was formed only on the 
surface of the bonding electrodes to produce a plurality of three-temriinal magnetic resistance devices on a single 
substrate. Production was performed with ratio L7W of length L and width W between short bar electrodes of 0.26. 
[0153] When the characteristics of the obtained magnetic resistance device were measured, device resistance at 
room temperature was an average of 320 ohms. It was found that output side offset voltage, when a 1V voltage was 
applied to the input electrodes, was 0.1 ± 1 .2 mV, which was very small. Further, resistance change at a magnetic field 
of 0.1 tesia flux density was 10%. Still further, temperature change rate of input resistance was -0.4%/**C, and the 
temperature dependence could be remarkably reduced as compared to the temperature change rate of resistance - 
2.0%/*C for the case of using an undoped InSb thin film. Yet further, in this case, the magnetic sensing part thin film 
can be formed to a small thickness, it has a high input resistance, and power consumption is small. 

(Embodiment 14) 

[0154] A three-terminal magnetic resistance device was produced as follows. 

[0155] As in Embodiment 13, on a GaAs substrate, a Gao.yAlo a Asq.i Sbo.g semiconductor insulation layer was 
formed to a thickness of 0.3 microns. Next, as a buffer layer for reducing the difference in lattice constant from InSb, 
Gao.9 Ino.i Sb was formed to a thickness of 0. 1 0 micron. On top thereof, a 0.1 micron thick Si doped InSb thin film and 
a 0.15 micron thick Gao.9 InQ ^ Sb film as an intermediate layer were fomied as in Embodiment 13. The fornied InSb 
thin film had an electron mobility of 41 ,000 cm^A/sec, and an electron concentration of 9 X 1 Next, to form the 
InSb thin film and the like into a desired pattern, a resist film was formed and etched by a photolithographic process. 
After that, as in Embodiment 13, short bar electrodes comprising a plurality of thin metal thin films, a wiring part, and 
bonding electrodes for external connection were formed. Next, as in Embodiment 1 3, a gold layer was formed only on 
the surface of the bonding electrodes to produce a plurality of three-terminal magnetic resistance devfces on a single 
substrate. 

[0156] When the characteristic of the obtained magnetic resistance device was measured, it was found that output 
side offset voltage, when a IV voltage was applied to the input electrodes, was 0.1 ± 1 .4 mV, which was very small. 
Resistance change rate at a magnetic field of 0.1 tesIa flux density was 14%. Further, temperature change rate of input 
resistance was -0.5%/*C, and the temperature dependence could be remarkably reduced as compared to the temper- 
ature change rate of resistance '2.0%rc for the case of a conventional thin film device. Still further, in this case, the 
magnetic sensing part thin film can be formed to a small thickness, it has a high input resistance^ and power consumption 
is small. 

(Comparative Example 1} 

[0157] In Embodiment 15, using the same procedures as in Embodiment 14 except that the intemiediate layer was 
not fonned, a three-terminal magnetic resistance device for comparison purpose was produced. When the obtained 
magnetic resistance device was measured for characteristic as in Embodiment 14, sensitivity reduction associated 
with reduction of electron mobility was about 35%, and resistance change at magnetic field of 0.1 tesIa flux density 
was 9% or less. 

(Embodiment 16) 

[0158] A three-terminal magnetic resistance device was produced as follows. 

[0159] As in Embodiment 14, on a GaAs substrate, a 0.3 micron thick GaQ 7AI0 3AS0 ^Sbo 9 semiconductor insulation 
layer and a 0.10 micron thick Gap 9 In^ ^ Sb buffer layer as a layer for reducing the difference in lattice constant from 
InSb were formed. However a specific part of the intennediate layer, that is, the part to a depth of 0.003 microns from 
the boundary surface of the part contacting the InSb thin film is doped with Si simultaneously with crystal growth. The 
formed thin film had an electron mobility of 38,000 cm2A/sec, and an electron concentration of 9 X lO^e/cmS. Next, to 



EP1 124 271 A1 



form the InSb thin film, the intermediate layer and the like into a desired pattern, a resist film was formed and etched 
as in Embodiment 14 to form short bar electrodes comprising a plurality of thin metal thin films, a wiring part, and 
bonding electrodes for external connection on the intermediate layer on the InSb thin film. Next, as in Embodiment 1 4, 
a silicon nitride protective layer was formed. After the bonding electrode part is window opened, a gold layer was 
s fomied only on the surface of the bonding electrodes. Thus, a plurality of three-terminal magnetic resistance devices 
were produced on a single substrate. 

[0160] When the characteristic of the obtained magnetic resistance device was measured, it was found that output 
side offset voltage, when a IV voltage was applied to the input electrodes, was 0.1 ± 1 .4 mV, which was very small. 
Further, resistance change at a magnetic field of 0.1 tesia flux density was 12%. Temperature change rate of Input 
10 resistance of the magnetic resistance device was -0.6%/'»C, and the temperature dependence could be remarkably 
reduced as compared to the temperature change rate of resistance -2.0%/^C tor the case of undoped InSb thin film. 
Still further, in this case, the magnetic sensing part thin film can be formed to a small thickness, it has a high input 
resistance of the magnetic resistance device, and power consumption is small. 

*5 (Embodiment 17) 

[0161] In Embodiment 1 7, using the same procedure as in Embodiment 13 except that the donor atom was changed 

from Si to S. a three-temninal magnetic resistance device with a S doped thin film was produced. 

[0162] The characteristics of the obtained thin film were almost the same as Embodiment 13. Further, when the 

20 characteristic of the obtained magnetic resistance device was measured as in Embodiment 13, device resistance at 
room temperature was an average of 300 ohms. It was found that output side offset voltage, when 1 V voltage was 
applied to the input electrodes, was 0.1 ± 0.2 mV, which was very small. Resistance change at magnetic field was 9%, 
Temperature change rate of input resistance was -OArc, and the input resistance at -50**€ was within 15 times the 
input resistance at 150''C. The temperature change of resistance was reduced to 1/5 as compared to the temperature 

?5 change rate of resistance .2.0%/X for the case of undoped InSb thin film, thus remarl^ably reducing the temperature 
dependence. 

[0163] This magnetic resistance device was packaged with a Si IC control circuit to produce a magnetic sensor 
having an amplifier circuit, that is, a digital output magnetic sensor. The resulting magnetic resistance device operated 
as a digital high sensitivity magnetic sensor stably in the temperature range from -50'C to +150'C. 

30 

(Embodiment 1 8) 



[0164] In the present embodiment, a two-terminal magnetic resistance device as shown in Fig. 10A and Fig. 10B is 
produced. In these figures, for simplicity of description, the same functions as in Fig. 2A. Fig. 2B and other figures are 
indicated by the same reference numerals. 

[0165] Fig. 10B shows a plane diagram of the magnetic resistance device of the present embodiment having two 
external connection electrodes, and Fig. 10B shows a sectional diagram taken along line XA-XAB' In Fig. 10B. On the 
substrate 1 , an InAsSb thin film 2, a magnetic resistance effect device part 21 , and electrodes 5 for external connection 
are formed. Numeral 6 indicates a magnetic sensing part for detecting a magnetic field as a magnetic sensor. 10 is a 
high conductivity part formed by ohmic contact with InGaAsSb of the magnetic sensing part for increasing the magnetic 
resistance effect of the InGaAsSb thin film, which is a short bar electrode. The short bar electrode is normally made 
of a metal thin film capable of contacting with the operation layer which may be multilayer or single layer. Further, the 
InAsSb thin film 2 may be doped with a donor atom 12 such as Si. Still further, the top surface of the electrodes and 
wiring part formed on the operation layer may be not gold. 

[0166] The magnetic resistance device of the above construction was produced as follows. 
[0167] By the same method as in Embodiment 1 0, a small quantity of Sn was doped on the-GaAs substrate, and a 
1 .0 micron thick InSb thin film with an electron mobility of 51 ,000 cm^Nsec and an electron concentration of -9 X 1 C^/ 
cm3 and a 0.2 micron thick AIq.s Ino.e Sb film intermediate layer were formed. Next, to form the intermediate layer and 
the InSb thin film into the desired pattern as shown in Fig. lOA and Fig. 10B, a resist film was fomied by a photolitho- 
graphic process and etched as in Embodiment 10. On lop thereof, a resist pattern for forming short bar electrodes 
comprising a plurality of thin metal thin films, a wiring part, and bonding electrodes was formed by the photolithographic 
process. After that, as In Embodiment 10, short bar electrodes, a plurality of external connection electrodes, and a 
wiring part were formed. Next, as in Embodiment 10, a gold layer was formed only on the surface of the bonding 
electrodes. Thus, e plurality of two-terminal magnetic resistance devices were produced on a single substrate. Pro- 
duction was performed with ratio LTW of length L and width W between short bar electrodes of this magnetfc resistance 
device of 0.20. 

[0168] When the characteristic of the obtained magnetic resistance device was measured, device resistance at room 
temperature was 500 ohms. Further, since a single crystal thin film was used and electron mobility was high, resistance 
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Change rate of magnetic field is large, and a resistance change rate of 1 5% was obtained under a 0. 1 -tesia flux-density. 
Therefore, ^ar tooth detection ability was found to be very high. 

[0169] It was found that the present device can be easily produced by the wafer process applying photolithography, 
it is adaptable to mass production, and production yield is high. 

[0170] Further, connection with an external lead Is possible by way of wire bonding by a standard gold wire, which 
IS adaptable to mass production. The resulting magnetic resistance device is often finished as a sensor by embedding 
the package after bonding in resin molding or in a thin metal pipe. Still further, the device is packaged with a control 
circuit for digitally amplifying the differential output signal obtained by the circuit formed by connecting the piesent 
device with a fixed resistance device fonned on Si IC. In this case, the control circuit is preferably produced on the 
same Si IC chip of the fixed resistance device. 

(Embodiment 19) 

[0171] A three-tenninal magnetic resistance device was produced as follows. 

[0172] An alumina thin film was formed to a thickness of 0.25 microns by a sputtering method on a flat surface Ni- 
2n type single crystal f errite substrate to make the ferrite substrate surface insulating. On the ferrite substrate insulating 
surface, a Gao.eAlo^Aso gSbo e semiconductor insulation layer was fonned by the MBE method in a super-high-vacuum 
(2 X 1 0-8 mbar) to a thickness of 0.3 microns. Next, on top thereof, an InSb thin film was formed to a thickness of 0 3 
microns by the MBE method in a super-high-vacuum. However simultaneously with crystal growth by the MBE method 
Sn was doped to fomi the thin film. The formed InSb thin film had an electron mobility of 33,000 cm2A/sec and an 
electron concentration of B x I0i6/cm3. Next, as an intermediate layer, a 0.15 micron thk:k AIqq lnoi Sb layer was 
formed. After that, as in Embodiment 14; a plurality of three-terminal magnetic resistance devices having a silicon 
nitnde layer as a protective layer on the surface were produced on a single substrate. 

[0173] When the characteristics of the obtained magnetic resistance device were measured. devk;e resistance at 
room temperature was an average of 320 ohms. It was found that output side offset voltage, when a IV voltage was 
applied to the input electrodes, was 0.1 ± 0.2 mV which was very small. To check the sensitivity to a magnetic field 
a magnetic resistance effect was measured. Resistance change at a magnetic field of 0.1 testa flux density was 9%' 
Further, temperature change of input resistance was -0.4%/»C, and the input resistance at -SO^C was within 5 times 
the resistance at 150*»C. Thus, the temperature dependence could be remarkably reduced as compared to the tem- 
perature change rate of resistance -2.0%/«C for the case of undoped InSb thin film. Still further, in this case, the magnetic 
sensing part thin film can be formed to a small thickness, it has a high input resistance of the magnetfc resistance 
device, and power consumption is small. 

[0174] This magnetic resistance device was packaged with a Si IC control circuit to produce a magnetic sensor 
having an amplifier circuit, that Is. a digital output magnetic sensor. The resulting magnetic resistance device operated 
as a digital high sensitivity magnetic sensor stably in the temperature range from -50*^0 to +150*C. 

(Comparative Example 2) 

[0175] In Embodiment 20, using the same procedures as in Embodiment 1 9 except that the intermediate layer was 
not formed, a three-tenninal magnetic resistance device having no intermediate layer for comparison purpose was 
produced. When the obtained magnetic resistance device was measured for characteristic as in Embodiment 19 the 
magnetic resistance device had a sensitivity reduction associated with reduction of electron mobility of about 30%. and 
resistance change by magnetic resistance effect was 6%. 

[0176] As described above, in the present invention, by providing the intermediate layer, reduction of electron mobility 
by the formation of the protective film could be minimized, thereby producing a high sensitivity magnetic sensor 

UTILIZABILITY IN INDUSTRY 

[0177] The magnetic sensor according to the present invention is small in variation of device resistance with tern- 
perature and offset drift, high in sensitivity, capable of measuring a micro-magnetic field, and small in noise inherent 
to the device. As a result, a magnetic sensor is realized which could be driven by a simple drive circuit, of course in 
the vicinity of room temperature, and over a wide temperature range from low to high temperatures. The magnetic 
sensor of the present invention can also detect rotation such as gears with high sensitivity 

[0178] Further, since a thin film is used in the magnetic sensing part, and the magnetic sensing part thin film is 
produced by utilizing the photographic process, it has good pattern accuracy and offset voltage is small. Still further 
composition setting of the magnetic sensing part thin film is performed by doping, temperature change of input resist- 
ance of the magnetic sensor can be reduced, the load current of the drive circuit including amplifteation control for 
amplifying the magnetic sensor output or supply power to the magnetic sensor can be reduced, and the drive circuit 
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can be constructed to a snnall size. Yet further, since the amplification control circuit can be constructed to a compact 
size, an integral package with the magnetic sensor chip is possible, and can be used as a compact magnetic sensor 
(so-called magnetic sensor IC) capable of providing digital output or linear output. 

[0179] In particular, a device integrally packaging an Si LSI drive amplifier circuit device with the magnetic sensor of 
the present Invention Is within the scope of the present Invention. It is possible to produce a compact magnetic sensor 
for delecting magnetrcity to output a digital signal. It is very high in general-purpose applicability, and can be widely 
used as a small-sized non<:ontact sensor. Further, it Is a magnetic sensor that can also be used in high-speed rotation 
detection. 



Claims 



1. A magnetic sensor comprising an lnxGaT.xASySbi.y (0<xsi,osy^ 1) thin film layer formed on a substrate as 
an operation layer of a magnetic sensing part, 

w characterized in that the thin film layer contains at least one type of donor atom selected from the group consisting 

of Si, Te, S, Sn, Ge and Se. 

2. The magnetic sensor as claimed in Claim 1 , wherein at least part of the donor atom is positively Ionized for supplying 
conduction electrons into the operation layer of the magnetic sensing part. 

20 

3. The magnetic sensor as claimed in Claim 1 or Claim 2, wherein, said thin film layer has an electron concentration 
of 2.1 X 10i6/cm3 or more, and an electron mobility \i (cmSA^.s) and the electron concentration n (1/cm-3) of the 
thin film layer have a relation of 

i-OQiO (") + 4.5 X 10"^ X n g 17.3. 

4. The magnetic sensor as claimed in Claim 3, wherein said thin film layer has an electron mobility of 6000 cm^/v.s 
or more. 

5. The magnetic sensor as claimed in Claim 1 or Claim 2, wherein said thin film layer has an electron concentration 
of 2.1 X I0i6/cm3 or more, and an electron mobility \i {crti^/V.s) and the electron concentration n (1/cm*3) of the 
thin film layer have a relation of 

Log^o (n) + 4.5 X 10'^ X n ^ 18.0. 

6. The magnetic sensor as claimed in Claim 5, wherein said thin film layer has an electron mobility of 10,000 cmS/V. 

s or more. 

7. The magnetic sensor as claimed in Claim 6, wherein said thin film layer is an InASySb^.y (0 ^ y S 1 ) thin film layer. 

8. The magnetic sensor as claimed in Claim 7, the thin film layer is an InSb thin film layer. 

<5 9. The magnetic sensor as claimed in Claims 1 to 8, the surface of the substrate comprises a dielectric lll-V group 
compound semiconductor. 

10. The magnetic sensor as claimed in any one of Claims 1 to 9. wherein said substrate comprises a dielectric GaAs 
single crystal. 

so 

1 1 . The magnetic sensor as claimed in any one of Claims 1 to 1 0, wherein thickness of the operation layer is 6 microns 
or less. 

12. The magnetic sensor as claimed in any one of Claims 1 to 10, wherein thickness of the operation layer is 0.7 to 
55 1 .2 microns. 

13. The magnetic sensor as claimed in any one of Claims 1 to 10, wherein thickness of the operation layer is 1.2 
microns or less. 
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14. The magnetic sensor as claimed In any one of Claims 1 to 13, wherein-said magnetic sensor Is a Hall device. 

15. The magnetic sensor as-claimed in any one of Claims i to 13. wherein said magnetic sensor is a magnetic resist- 
ance device. 

16. A semiconductor magnelic resistance apparatus Including four device parts comprising semiconductor thin films 
for generating a magnetic resistance effect, a wiring part, and a bonding electrode on a flat substrate surface, the 
four device parts are connected in a bridge structure, of the four device parts, two devices at opposite sides of the 
bridge structure are disposed so as to be applied perpendicularly with magnetic fields of the same strength, and 
the device parts and the bonding electrode are connected by the wiring part. 

17. The semiconductor magnetic resistance apparatus as claimed In Claim 16, wherein said wiring parts do not cross. 

18. The semiconductor magnetic resistance apparatus as claimed in Claim 1 6 or 1 7, wherein resistances of the wiring 
parts from the connection point connecting the four device parts to the bonding electrodes are equal to each other. 

19. A magnetic sensor apparatus packaging a magnetic sensor, an amplifier circuit for amplifying an output of the 
magnetic sensor, a magnetic circuit having a power supply circuit for driving the magnetic sensor, 
characterized In that the magnetic sensor is a magnetic sensor as described in any one of above Claims 1 to 18. 

20. The magnetic sensor as claimed in Claim 19, wherein input resistance of the magnetic sensor at -SO'C is set to 
within 15 times the input resistance at 160*C. 

21. The magnetic sensor apparatus as claimed in Claim 19 or 20, wherein said output after being amplified by the 
amplifier circuit is proportional to the output of the magnetic sensor 

22. The magnetic sensor apparatus as claimed in Claim 19 or 20, wherein said output after being amplified by the 
amplifier is a digital signal output corresponding to detection and non-detection of a magnetic field by the magnetic 
sensor. 

23. A method ot producing a magnetic sensor characterized by the acts of: forming an In^Ga^.^ASySb^.y (0 < x ^ 1,0 
g y ^ 1) thin film having an electron concentration ot 2 X 10^^/cm^ or more on a substrate, forming the thin film 
into a desired pattem, forming a plurality of thin metal thin films on the thin film, and connecting a plurality of 
external connection electrodes to an end of the thin film. 

24. The method as claimed in Claim 23, wherein said acts of forming the In^Ga^.^ASySbi.y (0<xSl,0^y^1) thin 
film further comprises a process for containing at least one type of donor atom selected from the group consisting 
of Si, Te, S, Sn, Ge and Se in the thin film. 

25. A method of producing a magnetic sensor characterized by comprising a process for packaging a circuit for am- 
plifying a magnetic field detection signal of the magnetic sensor and a control circuit having a power supply circuit 
for driving the magnetic sensor, wherein the magnetic sensor is a magnetic sensor as described In any one of 
above Claims 1 to 18, and the magnetic sensor is produced by the production method as described in Claim 23 
or 24. 

26. A magnetic sensor of another construction characterized by comprising a substrate, an operation layer including 
an lnj,Ga^.^ASySbi.y (0<x^ 1,0^y^ 1) thin film layer lonned on the substrate, a dielectric or high resistance 
semiconductor Intennediate layer formed on the operation layer, and a dielectric inorganic protective layer (that 
is, a passivation layer), stacked in the above order 

27. The magnetic sensor as claimed in Claim 26, wherein said intennediate layer contacts the operation layer and has 
a lattice constant approximate to the lattice constant ot the operation layer 

28. The magnetic sensor as claimed in Claim 27, wherein said intennediate layer has a composition containing at 
least one type of elements constituting the In^Ga^xASySb^.y (0<x^1,0sy^ 1) thin film. 

29. The magnetic sensor as claimed in Claim 27, wherein said operation layer has a barrier layer on the 
In^Ga.,. yASySb.,.y (0<xsi,o^y^i) thin film. 
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30. The magnetic sensor as claimed in Claim 29, wherein said intenriediate layer has a composition -containing at 
least one element selected from the elements constituting the barrier layer. 

31. The magnetic sensor as claimed In any one of Claims 27 to 30, wherelnsaid In^Ga^.^ASySb^.y (0 < x ^ 1 . 0 ^ y 
5 ^ 1 ) thin film contains at least one type of donor atom selected from the groupconsisting of-Si, Te,^, Sn, Ge and Se. 

32. The magnetic sensor as claimed in Claim 31, wherein at least part of the donor atom is positively ionizeci for 
supplying conduction electrons into the operation layer. 

10 33. The magnetic sensor as claimed in any one of above Claims 27 to 31, wherein said intermediate layercontains 
at least one type of donor atom selected from the group consisting of Si, Te, S, Sn, Ge and Se. 

34. The magnetic sensor as claimed in any one of above Claims 27 to 33, wherein said InxGa^.^ASySb^.y (0 < x ^ 1 , 
0 ^ y g 1 ) thin film has a resistance of the thin film at -50'»C within 15 times the resistance at ISO^C. 

IS 

35. A magnetic sensor apparatus integrally packaging a magnetic sensor, a circuit for amplifying an output of the 
magnetic sensor, a control circuit having a power supply circuit for driving the magnetic sensor, characterised in 
that the magnetic sensor is a thin film magnetic sensor as described in any one of above Claims 27 to 34. 

A method of producing a magnetic sensor characterized by comprising the acts of: fomnlng an In^Ga^.^ASySb^y 
(0<x^l,0^ygl) thin film on a flat surface substrate, a process for forming an Intermediate layer of a compound 
semiconductor of approximate physical properties to the thin film on the thin film, forming the thin film and the 
intermediate layer Into a desired pattern, a process for forming a thin metal film of a desired shape on the formed 
pattern, forming a dielectric inorganic protective layer on the pattern and the metal thin film, forming a plurality of 
electrodes for external connection, and connecting the electrodes to an end of the In^Ga. «As„Sbi „ (0 < x s i o 
^ ys 1) thin film. x vx y i-y 

37. A method of producing a magnetic sensor characterized by comprising the acts of: forming an In^Ga^.^ASySb^.y 
{0<xg1,0gyg1) thin film on a flat surface substrate, a process for fonning a barrier layer, fomiing an 
intermediate layer of a compound semiconductor of approximate physical properties to the bamer layer on the 
barrier layer, forming the thin film, the barrier layer and the intermediate layer into a desired pattern, forming a thin 
metal film of a desired shape on the formed pattern, forming a dielectric inorganic protectee layer on the pattern 
and the metal thin film, fomiing a plurality of electrodes for external connection, and connecting the electrodes to 
an end of the In^Ga^xASySb^.y (0<xgl.0^ysi) thin film. 
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